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(54) PROJECTION TYPE ALIGNER 

(57)Abstract: 

PURPOSE: To perform exposing by setting each shot region, 
under an optimum condition, to the focusing surface of a 
projection type optical system, not depending on the surface 
condition (projected or recessed) of the shot region of a 
photosensitive substrate. 

CONSTITUTION: Position in the direction Z is detected at the 
measuring points P1 to P5 on the shot region of a wafer W and 
distribution of projected and recessed areas on the shot region 
is obtained from the detected result and known data of process 
structure. For instance, when a pattern of the narrowest line 
width is exposed to the pattern region 40B, a level difference 
(ZA-ZB) of the other region obtained with reference to that 
pattern region 40B is added as the offset to the height of the 
best focusing surface 42, considering the pattern region 40B as 
the reference surface for focusing. The pattern region 40B is 
focused to the best focusing surface 42 by setting the exposing 
surface to the focusing surface 42A after the addition. 
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* NOTICES * 

JFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection optical system which projects a mask pattern on a photosensitive substrate, and the 
substrate stage which holds said substrate and positions said substrate in a flat surface vertical to the optical 
axis of said projection optical system, The focal leveling stage which adjusts the height of the tilt angle of 
said substrate, and the direction of an optical axis of said projection optical system of said substrate, The 
incident light study system which projects the image of the pattern for focal detection aslant to the optical 
axis of said projection optical system using a nonphotosensitivity light to said photosensitive substrate on 
the measure point of the plurality in the exposure field by said projection optical system, The light-receiving 
optical system which condenses the reflected light from said two or more measure points, and carries out re- 
image formation of the image of the pattern for the focal detection on said two or more measure points, Two 
or more photoelectrical detection means to generate the detecting signal corresponding to each amount of 
strike slips of two or more images in which re-image formation was carried out by this light-receiving 
optical system, In the projection aligner which has the control means which controls actuation of said focal 
leveling stage based on the detecting signal from these two or more photoelectrical detection means Each 
detecting signal of said photoelectrical detection means corresponding to said two or more measure points, 
And the projection aligner characterized by establishing an operation means to calculate the offset value for 
doubling the datum level of the focus on said substrate with the image surface by said projection optical 
system independently for said two or more measure points of every, based on the process structure of the 
exposure side of said substrate. 

[Claim 2] Where the image of the pattern for said focal detection is projected into the exposure field by said 
projection optical system from said incident light study system It asks for the detecting signal of said 
photoelectrical detection means to correspond, respectively in two or more measure points distributed the 
whole surface in said exposure field by driving said substrate stage and running said substrate. The detecting 
signal of said photoelectrical detection means in two or more measure points when said operation means is 
distributed all over said, And the projection aligner according to claim 1 characterized by calculating the 
offset value for doubling the datum level of the focus on said substrate with the image surface by said 
projection optical system independently for said two or more measure points of every based on the process 
structure of the exposure side of said substrate. 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by making the flux of light used in 
case the image of the pattern for said focal detection is projected into the exposure field by said projection 
optical system from said incident light study system into the flux of light which has the bandwidth of lOOnm 
or more. 

[Claim 4] The projection aligner according to claim 1, 2, or 3 characterized by arranging the optical filter for 
carrying out entropy of the wavelength sensibility property of the flux of light used on the optical path to 
[ out of said incident light study system ] said two or more photoelectrical detection means in case the image 
of the pattern for said focal detection is projected into the exposure field by said projection optical system 
from said incident light study system. 

[Claim 5] Said operation means is a projection aligner according to claim 1, 2, 3, or 4 characterized by 
amending the desired value according to the height of the image formation side by said projection optical 
system using the offset value independently calculated for said two or more measure points of every. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the projection aligner especially equipped with the focal 
detection equipment for focusing of a sensitization substrate about the projection aligner which imprints 
mask patterns, such as a circuit pattern, on the sensitization substrate. 
[0002] 

[Description of the Prior Art] Conventionally, with the projection aligner, in case projection exposure of the 
patterns (or photo mask etc.) of reticle is carried out through the projection optical system of high resolving 
power on sensitization substrates (a wafer, a glass plate, etc. with which the photoresist layer was applied), 
the activity which makes the exposure side of a sensitization substrate agree in accuracy in the image 
formation side of the pattern of reticle, i.e., focusing, serves as an indispensable thing. In recent years, while 
the depth of focus of a projection optical system becomes narrow, the actual condition is that the thing using 
i line with a wavelength of 365nm as illumination light for exposure is also obtained only for the depth of 
about **0.7 micrometers. Furthermore, for the projection visual field of a projection optical system to tend 
to increase every year, to continue all over a large exposure visual field (for example, 22mm angle), and to 
secure the big depth of focus as much as possible is desired. 

[0003] thus, in order to perform focusing good all over a large exposure visual field, make it any — it is 
required that both the surface smoothness of the subregion on the sensitization substrate which enters in the 
exposure visual field (shot field) and surface smoothness (namely, a curvature of field and image surface dip 
are small) of an image formation side should be good. Among these, although the place for which it depends 
on the optical-character ability of the projection optical system itself about a curvature of field and image 
surface dip is large, the flatness of reticle and parallelism may become a factor, on the other hand, although 
the display flatness of every subregion on a sensitization substrate, i.e., 1 time of a projection exposure field, 
(shot field) is boiled to that extent with a sensitization substrate and is different, when only a minute amount 
leans the electrode holder holding a sensitization substrate, it is possible to set the front face and image 
formation side of a shot field on a sensitization substrate as parallel. 

[0004] Thus, as the technique of also taking into consideration the inclination of the front face of one shot 
field on a sensitization substrate, and performing focusing, the technique indicated by JP,58-1 13706,A, 
JP,55-1348,A, etc. is known. In JP,55-1348,A, the spot of a light beam is projected on four on a sensitization 
substrate especially through a projection optical system, and the technique of carrying out photoelectrical 
detection of the spot image by the reflected light, and performing focusing of a sensitization substrate and 
inclination amendment (leveling) is indicated. 

[0005] However, since the latest semiconductor device etc. accumulates the pattern of much complicated 
structure on a substrate and is manufactured, the surface smoothness of the exposure side on a sensitization 
substrate tends to worsen. Therefore, the condition of the irregularity in the shot field on a sensitization 
substrate is measured, and development of the technique of doubling the average field of that shot field with 
the image formation side by the projection optical system in consideration of this measurement result is 
performed. For example, it sets to JP,2-198130,A. Fix the location of the direction of an optical axis of the 
projection optical system of a sensitization substrate, and the sensitization substrate is moved. By measuring 
the location (focal location) of the direction of an optical axis of a projection optical system in two or more 
measure points in the shot field on a sensitization substrate, and calculating the average of this measurement 
result The field location detection approach of calculating the offset value of the focal location resulting 
from the structure of the pattern in the shot field or a difference of arrangement is indicated. By this 
approach, the average focal location in consideration of the irregularity in a shot field is measured by 
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applying that offset value to the measurement result of the focal location in the measure point of each shot 

field, for example, a center. 

[0006] 

[Problem(s) to be Solved by the Invention] In the conventional projection aligner, the offset value of a focal 
location was calculated as mentioned above by equalizing the focal location measured in two or more 
specific measure points in a predetermined shot field. However, actually, by process structures 
(arrangement, a level difference, etc. of a pattern), the condition of the irregularity of the exposure side of 
each shot field of a sensitization substrate is various, and cannot ask accuracy for the configuration of the 
average field of each shot field only by equalizing the focal location in two or more specific measure points. 
Therefore, there is inconvenience that the case where the average field of each shot field cannot be stored 
within the limits of the depth of focus to the image formation side of a projection optical system according 
to an exposure process if arrangement, a level difference, etc. of the pattern in each shot field on a 
sensitization substrate change arises. 

[0007] Moreover, even when it seemed that he wants the field where the average field of each shot field is 
not doubled with an image formation side, for example, a pattern with the narrowest line breadth is exposed 
in each shot field to focus preponderantly, it was difficult to double the field [ a field ] to make it focus 
preponderantly with an image formation side by the conventional approach. This invention does not depend 
on the condition of the irregularity of each shot field of a sensitization substrate in view of this point, but it 
aims at offering the projection aligner which can be exposed by doubling each shot field with the image 
formation side by the projection optical system in the optimal condition. 
[0008] 

[Means for Solving the Problem] The projection optical system to which the projection aligner by this 
invention projects a mask pattern (R) on a photosensitive substrate (W) (PL), The substrate stage which 
holds the substrate and positions the substrate in a flat surface vertical to the optical axis (AX) of a 
projection optical system (PL) (21), The focal leveling stage which adjusts the height of the tilt angle of the 
substrate, and the direction of an optical axis of the projection optical system (PL) of the substrate (20), The 
incident light study system which projects the image (ST) of the pattern for focal detection aslant to the 
optical axis (AX) of a projection optical system (PL) at two or more measure points (P1-P5) in the exposure 
field (SA) by the projection optical system (PL) using a nonphotosensitivity light to the photosensitive 
substrate (1-6), The light-receiving optical system which condenses the reflected light from the measure 
point of these plurality, and carries out re-image formation of the image of the pattern for the focal detection 
on the measure point of these plurality (7-10), Two or more photoelectrical detection means to generate the 
detecting signal corresponding to each amount of strike slips of two or more images in which re-image 
formation was carried out by this light-receiving optical system (15, 13, 17), In the projection aligner which 
has the control means (30 18) which controls actuation of a focal leveling stage (20) based on the detecting 
signal (FSa-FSe) from the photoelectrical detection means of these plurality The process structure of the 
detecting signal of a photoelectrical detection means in the measure point of these plurality to correspond, 
and the exposure side of a substrate (W) (arrangement a pattern) Based on a level difference etc., an 
operation means (3 0B) to calculate the offset value for doubling the datum level (40B) of the focus on a 
substrate (W) with the image formation side (42) by the projection optical system (PL) independently for 
every measure point of these plurality is established. 

[0009] In this case, where the image (ST) of the pattern for that focal detection is projected into the exposure 
field (SA) by the projection optical system (PL) from that incident light study system By driving a substrate 
stage (21) and running a substrate (W) It asks for the detecting signal of a photoelectrical detection means to 
correspond, respectively in two or more measure points distributed the whole surface in an exposure field 
(SA). An operation means (30B) The detecting signal of the photoelectrical detection means in two or more 
measure points distributed all over the, And it is desirable to calculate the offset value for doubling the 
datum level (40B) of the focus on the substrate with the image formation side (42) by the projection optical 
system (PL) independently for every measure point of these plurality based on the process structure of the 
exposure side of the substrate. 

[0010] Moreover, it is desirable to make the flux of light (IL) used in case the image (ST) of the pattern for 
focal detection is projected into the exposure field (SA) by the projection optical system (PL) from the 
incident light study system into the flux of light which has the bandwidth of lOOnm or more. Moreover, it is 
desirable to arrange the optical filter (60) for carrying out entropy of the wavelength sensibility property of 
the flux of light used on the optical path to [ out of the incident light study system ] the photoelectrical 
detection means of these plurality in case the image (ST) of the pattern for focal detection is projected into 
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the exposure field by the projection optical system (PL) from the incident light study system. 

[001 1] Furthermore, as for an operation means (3 OB), it is desirable to amend the desired value according to 

the height of the image formation side (42) by the projection optical system (PL) using the offset value 

independently calculated for every measure point of these plurality. 

[0012] 

[Function] According to this this invention, as shown, for example in drawing 8 (a), the image of the pattern 
for focal detection is projected on the measure point (P1-P5) of the plurality in the exposure field by the 
projection optical system on a substrate (W). Re-image formation of these images is carried out by light- 
receiving optical system, and the detecting signal (FSa-FSe) corresponding to the amount of strike slips of 
the image by which re-image formation was carried out is outputted from a photoelectrical detection means 
(for example, pixel in the array sensor 15 of drawing 7 ). By the oblique incidence method, since the amount 
of strike slips of these images by which re- image formation is carried out is proportional to the location 
(focal location) of the direction of an optical axis of the projection optical system (PL) of a corresponding 
measure point mostly, the focal location (these are set to Zl -Z5) of the measure point which corresponds 
from these detecting signals is called for. 

[0013] However, actually, as shown in drawing 8 (a), the pattern which is irregular with the exposure 
process till then etc. may be formed in the exposure side of a substrate (W). Moreover, when there is such 
irregularity and the field (for example, it turns out that it is the field which became depressed from the 
periphery) where a pattern with the narrowest line breadth is exposed is made into a field (40B), it is 
desirable to double this field (40B) with an image formation side (42). In this case, since the value (focal 
location) of the detecting signal measured, for example in the measure point (P3) is the smallest, it turns out 
that that measure point (P3) is on a field (40B). Then, let the detecting signal corresponding to the difference 
(ZA-ZB) of the height of the datum plane (40B) and other exposure sides (40A, 40C) be an offset value in 
other measure points (PI, P2, P4, P5) based on the data of a process structure as a datum plane of the focus 
on a substrate (W) by the field (40B). Moreover, the offset value in a measure point (P3) is 0. 
[0014] Then, if focus and leveling are performed based on the value which deducted the offset value from 
the detecting signal detected actually, for example, as shown in drawing 8 (b), datum level (40B) will focus 
to an image formation side (42). As two or more measure points (P1-P5) on a substrate (W) show drawing 
5 , moreover, when [ of an exposure f field (SA) ] mostly arranged on the diagonal line By scanning a 
substrate (W) in the predetermined direction (the direction of X) to the projection image of the pattern for 
the focal detection on these measure points (P1-P5), the detecting signal in the measure point of the 
exposure field (SA) mostly distributed over the whole surface is obtained. Therefore, even when 
complicated concavo-convex distribution is all over that exposure field (SA), let the detecting signal 
corresponding to the difference of the height of this datum level and other parts be an offset value in each 
measure point by making into datum level the predetermined part (for example, field where a pattern with 
the narrowest line breadth is exposed) of the front face of that concavo-convex distribution. Thereby, the 
datum level can be made to focus. 

[001 5] Next, other examples of the procedure for performing the focus and leveling For example, in drawing 
8 (a), it is first based on the detecting signal by the photoelectrical detection means, and a process structure. 
It is calculating the offset value according to the difference (ZA-ZB) of the height from datum level (40B) to 
other fields (40A, 40C), and adding this offset value to the level of the detecting signal according to the 
height of an image formation side (42). The field corresponding to this addition result turns into a field 
(42A) as shown with a broken line. By controlling the height of a substrate (W) there with a least square 
method, so that the difference of the detecting signal and the detecting signal of a field (42A) of each 
measure point (P1-P5) becomes min, as shown in drawing 8 (b), datum level (40B) focuses to a actual image 
formation side (42). 

[0016] Moreover, when the flux of light (IL) used in case the image (ST) of the pattern for focal detection is 
projected into the exposure field (SA) by the projection optical system (PL) from the incident light study 
system is made into the flux of light which has the bandwidth of lOOnm or more, the adverse effect of thin 
film interference with the sensitive material (photoresist etc.) on a photosensitive substrate (W) etc. is 
mitigated. Moreover, on the optical path to [ out of an incident light study system ] the photoelectrical 
detection means of these plurality When the optical filter (60) for carrying out entropy of the wavelength 
sensibility property of the flux of light used in case the image (ST) of the pattern for height detection is 
projected into the exposure field by the projection optical system (PL) from the incident light study system 
has been arranged Even if the optical intensity distribution for every wavelength of the illumination light for 
focal detection are uneven like drawing 15 (a) As shown in drawing 15 (d), the wavelength property of the 
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detecting signal obtained from a photoelectrical detection means becomes flat by setting up permeability 
distribution of the optical filter (60) like drawing 1 5 (b), so that it may become the optical intensity 
distribution with the property of reverse mostly. Therefore, height detection can be performed to accuracy, 
without being greatly influenced by the signal of specific wavelength. 
[0017] 

[Example] Hereafter, with reference to a drawing, it explains per example of the projection aligner by this 
invention. Drawing 1 is drawing showing the focal detection system of a TTL (through THE lens) method 
which detects the best focus side (image formation side) of a projection optical system among the projection 
aligners of this example. In drawing 1 , the reticle R by which pattern space PA of the circuit for real device 
manufacture was formed in the underside is held at the non-illustrated reticle electrode holder. The optical 
axis AX of the projection optical system PL which divided into the pre-group and the rear group across the 
drawing side (pupil surface) EP, and was expressed typically passes along the core of Reticle R, i.e., the 
core of pattern space PA, vertically to the reticle pattern side. The Z-axis is taken to the optical axis AX at 
parallel, and a Y-axis is taken for the X-axis at right angles to the space of drawing 1 to parallel in a flat 
surface vertical to the Z-axis at the space of drawing 1 . 

[0018] Z and the leveling stage 20 which holds the wafer W with which the photoresist was applied under 
the projection optical system PL are formed on X-Y stage 21 . Z and the leveling stage 20 control the tilt 
angle of Wafer W, and performs leveling while only a slight amount (for example, less than **100 
micrometers) moves Wafer W in the optical-axis AX direction and it performs focusing. Moreover, X-Y 
stage 21 carries out two-dimensional migration of the wafer W in XY flat surface vertical to an optical axis 
AX, and the coordinate of the direction of X of X-Y stage 21 and the direction of Y is always measured by 
the non-illustrated laser interferometer. 

[0019] Furthermore, the reference mark plate FM is being fixed to the top face of Z and the leveling stage 
20 in the height location almost equal to the front face of Wafer W. The slit mark ISy of the structure which 
has arranged two or more transparency mold slits extended in the direction of X, respectively as shown in 
this reference mark plate FM at drawing 2 (a) at constant pitch in the direction of Y, the slit mark ISa 
extended aslant is formed in the direction which the direction of X and the direction of Y look like [ the slit 
mark ISx of the structure arranged at constant pitch in the direction of X ] two or more transparency mold 
slits extended in the direction of Y, respectively, receives, and becomes 45 degrees. These slit marks ISx, 
ISy, and ISa vapor-deposit a chromium layer (protection-from-light layer) all over the front face of the 
reference mark plate FM made from a quartz, and engrave it there as area pellucida. 

[0020] Under return and the reference mark plate FM (interior of Z and the leveling stage 20), the injection 
edge of Miller Ml, the objective lens 50 for lighting, and an optical fiber 51 is prepared, it is condensed by 
drawing 1 with an objective lens 50, and the illumination light from the injection edge of an optical fiber 51 
irradiates both the slit marks ISx, ISy, and ISa on the reference mark plate FM from a background at it. A 
beam splitter 52 is formed in incidence one end of an optical fiber 51, and the illumination light IE for 
exposure is introduced into an optical fiber 51 through a lens system 53. Although it is desirable to obtain 
from the light sources for the lighting of Reticle R (a mercury lamp, excimer laser, etc.) as for the 
illumination light IE, the light source of dedication may be prepared independently. However, when making 
it another light source, it is necessary to make it the illumination light of the same wavelength as the 
illumination light for exposure, or the wavelength very near it. 

[0021] Moreover, the lighting conditions of the reference mark plate FM by the objective lens 50 are 
doubled with the lighting conditions in the projection optical system PL at the time of pattern projection as 
much as possible, namely, the numerical aperture (N.A.) of the illumination light by the side of the image of 
a projection optical system PL and the numerical aperture (N.A.) of the illumination light from the objective 
lens 50 to the reference mark plate FM — about - it is made to do one Now, with such a configuration, if the 
illumination light IE is introduced into an optical fiber 51, from the slit marks ISx, ISy, and ISa on the 
reference mark plate FM, the image flux of light which carries out incidence to a projection optical system 
PL will occur. In drawing 1 , the location of the optical-axis AX direction of Z and the leveling stage 20 
shall be set up so that the front face of the reference mark plate FM may be slightly located caudad from the 
best image formation side (conjugation side with reticle) Fo of a projection optical system PL. It passes 
along the core of the pupil surface EP of a projection optical system PL, after condensing in the field [ side / 
of Reticle R / pattern ] Fr below shifted slightly, it emits, and the image flux of light LI generated from one 
on the reference mark plate FM at this time returns the original optical path, after reflecting in respect of the 
pattern of Reticle R. Field Fr is optically located with the reference mark plate FM about a projection optical 
system PL here in a location [ **** ]. It returns so that the image flux of light from the slit marks ISx, ISy, 
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and ISa of the reference mark plate FM may reflect regularly that a projection optical system PL is both- 
sides telecentric system on the underside (pattern side) of Reticle R and it may superimpose on the slit 
marks ISx, ISy, and ISa again. 

[0022] However, if the reference mark plate FM has shifted from the image formation side Fo like drawing 
1 When the reflected image to which each slit marks ISx, ISy, and ISa faded is formed on the reference 
mark plate FM and the reference mark plate FM is in agreement with the image formation side Fo Field Fr 
will also be in agreement with the pattern side of Reticle R, and on the reference mark plate FM, the sharp 
reflected image of each slit marks ISx, ISy, and ISa will be overlapped on each mark, and will be formed. 
Drawing 2 (b) expresses typically the relation of the slit mark ISx and a reflected image IMx when the 
reference mark plate FM has defocused. It is projected on the both-sides tele cent slit mark ISx whose 
reflected image IMx is an own source in this way in the rucksack projection optical system PL. And if the 
reference mark plate FM has defocused, a reflected image IMx will become larger than the geometry of the 
slit mark ISx, and the illuminance per unit area will also fall. 

[0023] Then, the flux of light of the image part which was not shaded by the original slit marks ISx, ISy, and 
ISa among the reflected images made on the reference mark plate FM is led to an optical fiber 51 through 
Miller Ml and an objective lens 50, and the flux of light injected from the optical fiber 51 is received by the 
photoelectrical sensor 55 through a beam splitter 52 and a lens system 54. The light-receiving side of the 
photoelectrical sensor 55 is arranged in the pupil surface (Fourier transform side) EP of a projection optical 
system PL, and the location [****/ almost ]. In the configuration of drawing 1 , the contrast signal for 
determining the image formation side of a projection optical system PL can be acquired only by moving Z 
and the leveling stage 20 in the vertical direction (Z direction). 

[0024] Drawing 3 (a) and (b) express the signal level property of the output signal KS of the photoelectrical 
sensor 55, respectively, and an axis of abscissa expresses the location of the Z direction of Z and the 
leveling stage 20, i.e., the height location of the optical-axis AX direction of the reference mark plate FM. 
Moreover, drawing 3 (a) shows signal level when back projection of the slit marks ISx, ISy, and ISa is 
carried out to the chromium part within the pattern side of Reticle R, and drawing 3 (b) shows signal level 
when back projection of these slit mark is carried out to the square within a pattern side (transparence part), 
usually, the chromium part of reticle is vapor-deposited by the glass (quartz) plate by the thickness of about 
0.3-0.5 micrometers, and the reflection factor of a chromium part is alike [ from the reflection factor of a 
square ] with a natural thing, and large, however, the reflection factor in a square — perfect — zero — 
**************_ s i nce __ although it becomes quite small as signal level like drawing 3 (b), a square is 
also possible for detection. Moreover, generally, since the reticle for real device manufacture has the high 
pattern consistency, it is thought that there are very few probabilities which apply simultaneously all the 
back projection images of the slit marks ISx, ISy, and ISa to the square in a reticle pattern (transparence 
part). 

[0025] in the case of which, carry out — if it is moved in the direction of an optical axis AX so that the front 
face of the reference mark plate FM may cross the best image formation side Fo — location Z0 of a Z 
direction The level of an output signal KS serves as the maximal value. Therefore, the location and output 
signal KS of a Z direction of Z and the leveling stage 20 are measured simultaneously, the location of the 
best image formation side Fo can be found by detecting the location of a Z direction when the level of an 
output signal KS becomes the maximum, and, moreover, it becomes detectable [ the best image formation 
side Fo ] by this detection method in the location of the arbitration in Reticle R. Therefore, if Reticle R is set 
to the body side of a projection optical system PL, is clear and is, a focal location (the best image formation 
side Fo) is measurable absolutely in the location of the arbitration within a projection visual field at any 
time. Moreover, as stated previously, the chromium layer of Reticle R is 0.3-0.5-micrometer thickness, if the 
detection error of the best image formation side Fo produced with this thickness sets the projection scale 
factor of a projection optical system PL to one fifth (cutback), it will become x(0.3-0.5) (1/5) two, i.e., 
0.012-0.02 micrometers, and most this is the value which can be disregarded. 

[0026] Next, although AF system (focal location detection system) of the oblique incidence light type of this 
example is explained with reference to drawing 4 , a multipoint AF system shall be adopted here. With a 
multipoint AF system, the point of measurement which measures a location gap (the so-called focal gap) of 
the direction of an optical axis of Wafer W is established in two or more [ in the projection visual field of a 
projection optical system PL ]. In drawing 4 , the nonphotosensitivity illumination light IL illuminates the 
slit plate 1 to the photoresist on Wafer W. And the light which passed along the slit of the slit plate 1 
irradiates Wafer W aslant through a lens system 2, Miller 3, drawing 4, the objective lens 5 for 
floodlighting, and Miller 6. If the front face of Wafer W is located in the best image formation side Fo of a 
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projection optical system PL at this time, image formation of the image of the slit of the slit plate 1 will be 
carried out to the front face of Wafer W with a lens system 2 and an objective lens 5. Moreover, it is set up 
for about 5-12 degrees being in the include angle on the optical axis of an objective lens 5, and the front face 
of a wafer, and the core of the slit image of the slit plate 1 is located in the point that the optical axis AX of a 
projection optical system PL intersects Wafer W. 

[0027] Now, the flux of light of the slit image reflected with Wafer W carries out re-image formation of the 
slit image on the slit plate 14 for light-receiving through Miller 7, the objective lens 8 for light-receiving, a 
lens system 9, oscillating Miller 10, and a plane-parallel plate (plane parallel) 12. Oscillating Miller 10 
makes the minute oscillation of the slit image made on the slit plate 14 for light-receiving carry out in the 
direction which intersects perpendicularly with the longitudinal direction, and the plane parallel 12 shifts the 
slit on the slit plate 14, and the relative relation based on [ of the slit image by the reflected light from Wafer 
W ] oscillating in the direction which intersects perpendicularly with the longitudinal direction of a slit. And 
oscillating Miller 10 vibrates by the Miller actuator (M-DRV) 1 1 driven with the driving signal from an 
oscillator (OSC) 16. 

[0028] In this way, if a slit image vibrates on the slit plate 14 for light-receiving, the flux of light which 
penetrated the slit plate 14 will be received by the array sensor 15. This array sensor 15 divides the 
longitudinal direction of the slit of the slit plate 14 into two or more minute fields, the light-receiving pixel 
according to individual is arranged for every minute field, and a silicon photodiode or a photo transistor is 
used as an optoelectric transducer, the signal from each light-receiving pixel of the array sensor 1 5 — the 
selector circuit 1 3 — minding ~ selection — or grouping is carried out and the synchronous-detection circuit 
(PSD) 17 is supplied. The AC signal of the same phase as the driving signal from an oscillator 16 is supplied 
to this synchronous-detection circuit 17, and synchronous detection is performed on the basis of the phase of 
this AC signal. 

[0029] In order to carry out the synchronous detection of each output signal of two or more light-receiving 
pixels with which the synchronous-detection circuit 1 7 was chosen from the array sensors 1 5 at this time 
according to an individual, it has two or more detector circuits, and each of that detection output signal FS is 
supplied to the main control unit (MCU) 30. Each detection output signal FS is called the so-called S curve 
signal, when the slit core of the slit plate 14 for light-receiving and the oscillating core of the reflective slit 
image from Wafer W are in agreement, it serves as zero level, and while Wafer W is displacing from the 
condition to the upper part and forward level and Wafer W are displacing caudad, it is set to negative level. 
Therefore, the height location of the exposure side (for example, front face) of the wafer W in case the 
detection output signal FS is set to zero level is detected as a focusing point. However, guarantee that it is 
surely in agreement with the best image formation side Fo always does not have the height location of the 
wafer W which became a focusing point (the detection output signal FS is zero level) by such oblique 
incidence method. That is, guarantee that continue at a long period of time and it is in agreement although it 
is set up by imagination datum level and the best image formation side Fo so that the detection output signal 
FS from the synchronous-detection circuit 17 may be set to zero level when it has the imagination datum 
level decided by the system itself by the oblique incidence method and the exposure side of Wafer W is in 
agreement with the imagination datum level, and it may be in agreement as much as possible at the time of 
equipment manufacture etc. **s. Then, coincidence (or convention of physical relationship) with the 
imagination datum level and the best image formation side Fo can be aimed at by leaning the plane parallel 
12 in drawing 4 under control by the main control unit 30, and making the variation rate of the imagination 
datum level carry out in the optical-axis AX direction. 

[0030] Moreover, the main control unit 30 inputs the output signal KS from the photoelectrical sensor 55 of 
drawing 1 . The function which carries out the calibration of the multipoint AF system of an oblique 
incidence method, the function to set up the inclination of the plane parallel 12, The function which outputs 
a command signal DS to the actuator (Z-DRV) 1 8 which drives the motor 19 for actuation of Z and the 
leveling stage 20 based on each detection output signal FS of a multipoint AF system, And it has the 
function which controls the actuator (a motor and its control circuit are included) 22 for driving X-Y stage 
21. 

[003 1] Drawing 5 is drawing which looked at the physical relationship of the projection visual field If of a 
projection optical system PL, and slit image ST from a multipoint AF system on the front face of Wafer W. 
Generally the projection visual field If is circular, and the shot field SA where the pattern image of pattern 
space PA of Reticle R is projected serves as a rectangle contained in [ the ] circular, the X-axis which is also 
a migration axis of coordinates of X-Y stage 21, and a Y-axis boil slit image ST, respectively, it receives, is 
leaned about 45 degrees, and is projected on Wafer W. Therefore, the projection to the wafer W of both the 
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opticals axis AFx of the objective lens 5 for floodlighting and the objective lens 8 for light-receiving is 
extended in the direction which intersected perpendicularly with slit image ST. Furthermore, it is determined 
that the core of slit image ST is mostly in agreement with an optical axis AX. With such a configuration, slit 
image ST is set up so that it may be extended in the shot field SA as for a long time as possible. 
[0032] Generally the circuit pattern which has irregularity according to the exposure process till then etc. is 
formed in the shot field SA. In this case, whenever it passes through the process of device manufacture, the 
variation of the condition of that irregularity may increase, and also in the longitudinal direction of slit 
image ST, the condition of that irregularity may change a lot. When arranging two or more chip patterns in 
one shot field especially, the scribe line for separating each chip pattern will be extended and formed in the 
direction of X, or the direction of Y in a shot field, and the level difference of 2 micrometers or more may 
arise in the case of being extreme, between the point on a scribe line, and the point on a chip pattern. Since 
the shot array on a design, the chip size in a shot, etc. show beforehand in which part in slit image ST a 
scribe line is located, it can be recognized the reflected light from any of a circuit pattern or a scribe line the 
reflected light from the part of the arbitration of the longitudinal direction of slit image ST is. 
[0033] Drawing 6 shows the condition of having separated the slit plate 14 for light-receiving, and the array 
sensor 15, and in this drawing 6 , the slit plate 14 vapor-deposits a chromium layer (light-shielding film) on 
a glass substrate on the whole surface, and forms a transparent slit in that part by etching. This slit plate 14 
is fixed on maintenance frame 14A, and on printed circuit board 15 A, such as ceramics which holds the 
array sensor 15 for this maintenance frame 14A, the screw thread which is not illustrated [ for example, ] is 
used and it fixes. The slit of the slit plate 14 becomes the array and parallel of the single dimension of the 
array sensor 15 of a light-receiving pixel, and is stuck by this. Thus, although it made it better for the slit 
plate 14 and the array sensor 15 to stick or approach as much as possible, they may establish an image 
formation lens system between the slit plate 14 and the array sensor 15, and may make conjugate optically 
the slit plate 14 and the array sensor 15. In addition, although the die length on the wafer W of slit image ST 
shown by previous drawing 6 changes also with diameters of the projection visual field If, when the 
diameter of the projection visual field If is around 32mm, it is desirable [ die length / the scale factor of a 
projection optical system PL is 1/5 (cutback), and ] to make it 1 time -1 of the diameter of the projection 
visual field If / about 3 times. 

[0034] Now, drawing 7 shows an example of the concrete circuitry of the array sensor 1 5, the selector 
circuit 13, the synchronous-detection circuit 17, and the main control unit 30, in this drawing 7 , the selector 
circuit 13 consists of five selector circuits 13A-13E, and the synchronous-detection circuit 17 also consists 
of five synchronous-detection circuits 17A-17E. And the light-receiving pixel of the array sensor 15 is 
divided into five group Ga-germanium, and one light-receiving pixel is chosen from the inside of each group 
by the selector circuit 13, respectively. In this case, group Ga-germanium detects the slit image before and 
behind five measure points P1-P5 which met slit image ST of drawing 5 , respectively. Moreover, in the 
selector circuits 13A-13E, the detecting signal of the light-receiving pixel which receives the slit image on a 
measure point PI - P5 shall be chosen as an example here. 

[0035] Concretely, in the group Ga of the light-receiving pixel of the array sensor 15, two or more light- 
receiving pixels are contained, the light-receiving pixel which detects the image on a measure point PI 
within these light-receiving pixel by selector circuit 13A is chosen in drawing 7 , and the output signal of 
this light-receiving pixel is supplied to synchronous-detection circuit 17A. In addition, selector circuit 13A 
chose as arbitration two adjoined in [ other than the function to choose one of the light-receiving pixels in 
Group Ga of arbitration and to send the output signal to synchronous-detection circuit 17A ] Group Ga, or 
three light-receiving pixels, and is equipped also with the function to send the signal adding those output 
signals to synchronous-detection circuit 17 A. Similarly, the output signal from each light-receiving pixel in 
group Gb-germanium is also chosen within selector circuit 13B - 13E, respectively, and the selected output 
signal is supplied to the synchronous-detection circuits 17B-17E, respectively. 

[0036] The synchronous-detection circuits 17A-17E receive the fundamental -wave AC signal from an 
oscillator 16, respectively, and output detection output signal FSa-FSe. These detection output-signal FSa- 
FSe is changed into digital data, respectively by analog-to-digital converter (ADC) 3 OA in the main control 
unit 30, and is supplied to amendment operation part 3 0B and deviation detection section 30C. While the 
data (the data of concavo-convex distribution of an exposure side and a concavo-convex level difference are 
included) about the process structure of the wafer concerned are also supplied from exposure process-data 
storage section 3 OF, the offset value for a signal calibration is also supplied to amendment operation part 
30B from storage section 30D. And as an example, based on the value of focal gaps of five detection output 
signals, i.e., the amount of five on a wafer, the data about a process structure, etc., amendment operation part 
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3 OB computes the detection output value corresponding to the target position in the Z direction of each 
measure point on a wafer, and supplies the value to deviation detection section 30C. This deviation detection 
section 30C detects the deflection of the output value from amendment operation part 30B, and the detection 
output value from ADC30A, and supplies the command signal DS which lessens this deflection to the 
actuator 1 8 of drawing 4 . 

[0037] More concretely, an actuator 18 is controlled by deviation detection section 30C with a least square 
method so that the sum of squares of the deflection of the detection output signal and detection output signal 
FSa-FSe from ADC30A which are made into the target from amendment operation part 30B, for example 
becomes min. Thereby, the location of the Z direction of Z and the leveling stage 20 and a tilt angle are 
controlled, and a focus is performed so that the average field of the measure points P1-P5 of drawing 5 may 
agree in the image formation side of a projection optical system PL. 

[0038] In addition, in drawing 5 , since measure points P1-P5 are arranged on 1 straight line, the tilt angle 
controlled is only a tilt angle centering on a straight line vertical to slit image ST on the front face of Wafer 
W. for controlling the biaxial surrounding tilt angle biaxial and the front face on Wafer W cross at right 
angles ~ these measure points P1-P5 — two-dimensional ~ arranging (for example, it forming so that two or 
more pattern images may be arranged in parallel or it may be made to cross mutually) — or what is necessary 
is to scan the shot field S A on Wafer W in the predetermined direction to slit image ST like the after- 
mentioned, and just to measure height distribution on the whole surface of the shot field SA 
[0039] Moreover, in drawing 7 , the offset value beforehand memorized by storage section 30D is measured 
by calibration-value decision section 30E, and is computed, and calibration-value decision section 30E asks 
for the deflection of the imagination datum plane and the imagination best focus side Fo of a multipoint AF 
system as a deflection electrical potential difference from the zero level on a detection output from the 
output signal KS of five detection output signal FSa-FSe and the photoelectrical sensor 55. In calibration- 
value decision section 30E, an analog- to-digital converter, wave memory, etc. for carrying out the digital 
sampling of each level and Signal KS (referring to drawing 3 ) of five detection outputs simultaneously are 
contained. 

[0040] With reference to drawing 9 , the concrete example of a configuration of calibration-value decision 
section 30E is explained here. First, absolutely, the output signal KS from the photoelectrical sensor 55 of a 
focal detection system is inputted into an analog-to-digital converter (ADC) 300, is changed into the digital 
value corresponding to the signal level of a TTL (through THE lens) method, and is memorized by RAM301 
as memory. Although addressing of this RAM301 is performed by the counter 304, each of counting of a 
counter 304 and conversion timing of ADC300 synchronizes with a clock pulse from a clock generator 
(CLK) 303. Similarly, one of the five detection output-signal FSa-FSe is supplied to ADC305 through a 
selecting switch 308, and the digital value changed here is memorized by RAM306 addressed by the counter 
307. Therefore, the wave which changes in time [ one detection output signal which output-signal-KS(ed) 
and was chosen as RAM301,306, respectively ] is incorporated. The wave in these RAM301,306 is used as 
processed data at the time of performing smoothing, maximal value detection, etc. in the data-processing 
section 310. 

[0041] In addition, the data-processing section 310 outputs the driving signal for moving the core of the slit 
marks ISx, ISy, and ISa of drawing 2 (a) to the location of each measure point of a multipoint AF system to 
the actuator 22 for the X-Y stages of drawing 4 while outputting the signal for controlling the uniform 
migration to the Z direction of Z and the leveling stage 20 to an actuator 18, in order to incorporate a signal 
wave form to RAM30 1,306. 

[0042] Drawing 10 (a) shows the change property of one detection output signal FS, and when it is fixed 
within the limits which includes a best focus side in a Z direction and uniform migration of Z and the 
leveling stage 20 is carried out, it corresponds to the data point stored in RAM306. Moreover, drawing 10 
(b) expresses the wave of the signal KS then stored in RAM301. Since a synchronous-detection signal 
becomes a wave almost symmetrical with a point centering on a zero point, about the data of negative level 
smaller than a zero point, it also takes negative level into consideration and analog-to-digital conversion is 
carried out. 

[0043] It is Tl the event of the data-processing section 310 analyzing the wave, since the wave of the signal 
KS which takes the maximal value shown in drawing 10 (b) in RAM301 of drawing 9 was stored in the 
address corresponding to time amount t, and the maximum point being acquired. It asks. Next, the data- 
processing section 310 is Tl at the event in RAM306. It asks for the corresponding address point and level 
deltaFS of the detection output signal FS memorized by this address point is calculated. In the point of 
measurement of the multipoint AF system which this level deltaFS is the offset voltage from the zero point 
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on the detection output signal FS, and generates a detection output like this drawing 10 (a), when the wafer 
front face in that point of measurement is moved to a Z direction so that a detection output may be set to 
+deltaFS, that wafer front face and best focus side Fo will agree. 

[0044] By the way, when using the circuit of drawing 9 , X-Y stage 21 of drawing 4 is moved, and it is 
positioned so that the core of the slit mark on the reference mark plate FM may come to any one location of 
each point of measurement of a multipoint AF system. The positioning does not need to be so strict and the 
point of measurement of a multipoint AF system and the core of a slit mark group may shift in the direction 
of X, and the direction of Y around 100 micrometers. Therefore, if the point of measurement P1-P5 of a 
multipoint AF system, i.e., the point of measurement in slit image ST shown in drawing 5 , is decided, while 
shifting the location of a slit mark group in the direction of X, and the direction of Y in about **100 
micrometers centering on those point of measurement, it may shake at a Z direction and you may ask for the 
coordinate location where the peak of Signal KS becomes to some extent large. Moreover, although this is 
very small probable, it is for if possible avoiding the inconvenience (lowering of the SN ratio of Signal KS) 
all whose slit mark groups correspond with the transparency section of Reticle R. However, when 
performing calibration actuation at a high speed, even if it does not search the coordinate location where the 
peak of a signal becomes large, it is possible to calculate offset value deltaFS in an almost equivalent 
precision, moreover, the offset value — each point-of-measurement PI - it asks for every P5. 
[0045] Thus, offset value BFa-BFe, the value, i.e., the best image formation side, of detection output signal 
FSa-FSe in case each measure points P1-P5 of drawing 5 agree in a Z direction in the location of the best 
image formation side by the projection optical system PL, respectively, is calculated. In drawing 5 , also in 
case a detection output signal is searched for in the measure point which scans the shot field SA to slit image 
ST for example, in the direction of X, and is distributed all over the shot field SA, the offset value in each 
measure point is which value in offset value BFa-BFe which made such and was calculated. 
[0046] Next, with reference to drawing 5 , drawing 8 , drawing 1 1 , and drawing 12 , it explains per example 
of the focus and exposure actuation in this example. In this case, offset value BFa-BFe of an image 
formation side to the imagination datum level of the value of detection output signal FSa-FSe at the time of 
making each measure points P1-P5 of drawing 5 focus to the image formation side of a projection optical 
system PL, respectively, i.e., a multipoint AF system, shall be beforehand measured as a premise. In 
addition, if the angle of rotation of the plane parallel 12 of drawing 4 is adjusted, since these offset value 
BFa-BFe can be set to about 0, these offset value BFa-BFe is a value near 0 also here. Moreover, the run 
side of the Z and the leveling stage 20 at the time of driving X-Y stage 21 and the best image formation side 
of a projection optical system PL consider substantially that it is parallel. 

[0047] First, in step 101 of drawing 1 1 , as an X-Y stage is driven and it is shown in drawing 5 , it moves in 
the center section of the shot field SA for measurement (object for exposure) on the projection field of slit 
image ST from an oblique incidence multipoint AF system. Then, in step 102, auto-focusing is performed in 
the measure point P3 of the core of slit image ST. That is, the height of the Z direction of Z and the leveling 
stage 20 is adjusted so that the detection output signal FSc corresponding to a measure point P3 may become 
the offset value BFc of the best image formation side, and Z and the leveling stage 20 are locked in this 
condition. Therefore, the height of Z and the leveling stage 20 and a tilt angle are fixed until measurement is 
completed after this. Thus, auto-focusing is once performed for preventing that distribution of the 
irregularity in the shot field SA separates from the detection range of a multipoint AF system. 
[0048] However, in this example, when the flat surface used as datum level is located in the interior of shot 
field S A, or near instead of performing auto-focusing in the measure point P3 of the core of slit image ST in 
step 102, auto-focusing may be performed at this flat surface. The measure point at this time does not need 
to be P3, and may choose the measure point nearest to this flat surface. Moreover, you may make it 
determine the measure point which should perform auto-focusing using an exposure process data. In short, it 
is not necessary to be a measure point P3, and when scanning a wafer by slit image ST of a multipoint AF 
system, it is good, if the amount of gaps of the focal location detected by the multipoint AF system does not 
separate from the detection range (decided by S curve) even if it is a point of what in the scanning zone. 
[0049] Next, in step 103, X-Y stage 21 is driven, after making the measurement starting position SB of a 
near side move in the direction of -X of slit image ST in the shot field SA as shown in drawing 5 , in step 
104, X-Y stage 21 is driven, the shot field SA is scanned in the direction of X to slit image ST, and each 
detection output signal FSa-FSe is stored in the memory in amendment operation part 30B. Under the 
present circumstances, since the coordinate of X-Y stage 21 is measured by the laser interferometer, it 
should just store sequential detection output signal FSa-FSe in the address corresponding to the coordinate 
measured with a laser interferometer within that memory. Then, in step 105, the process level difference in 
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the shot field SA is classified based on obtained detection output signal FSa-FSe (it is the signal of time 
series, respectively). 

[0050] Concretely, drawing 8 (a) shows a certain cross section in that shot field SA on Wafer W, and 
measure points P 1 -P5 are set up on this cross section. In addition, the photoresist is omitted although the 
photoresist is actually applied on Wafer W. In drawing 8 (a), if each measure points P1-P5 come on the 
imagination datum level 41 of a multipoint AF system, corresponding detection output signal FSa-FSe will 
be set to 0, respectively. Moreover, the best image formation side 42 of a projection optical system PL is 
made into a certain thing from which it has separated the grade from the imagination datum level 41 . In this 
case, on Wafer W, the circuit pattern of two or more layers is already formed, and that front face serves as 
irregularity according to it. Therefore, if the detection output signal acquired in each measure points P1-P5 
is made into FSa-FSe, the value of these detection output signal is also a value according to the irregularity. 
[0051] For example, if measure points PI and P2 shall be located on pattern space 40 A of the heights on 
Wafer W, a measure point P3 shall be located on pattern space 40B of a crevice and measure points P4 and 
P5 shall be located on pattern space 40C of heights, the value of the detection output signal FSc in a 
measure point P3 will become the smallest. Amendment operation part 3 0B of drawing 7 of this example 
searches for concavo-convex distribution of the shot field concerned using this by asking for the difference 
of the detection output signal corresponding to the adjoining measure point. Moreover, to amendment 
operation part 30B, since the data about a process structure are also supplied from exposure process-data 
storage section 3 OF, amendment operation part 3 0B can discriminate the pattern spaces 40A-40C in which 
measure points P1-P5 are located from the comparison with the process structure from the concavo-convex 
distribution searched for as mentioned above. 

[0052] Thereby, it is distinguished to any each pattern spaces 40A-40C shall belong between the memory 
cell section, the circumference circuit section (logic section), or a scribe line. Moreover, amendment 
operation part 3 0B is the level difference ZA of each pattern spaces 40A and 40C, and the level difference 
ZB of pattern space 40B from the supplied data. It can recognize. Although these level differences are the 
height from a part without the circuit pattern of Wafer W, only the difference of these level differences 
poses a problem like the after-mentioned. 

[0053] moreover, the difference during said adjoining measure point ~ the level difference by the difference 
in the pattern consistency in each level difference field etc. can be known from the level difference 
information acquired with data by asking for distribution etc. about the detection output signal in each level 
difference field (dispersion). It can also ask for the measure point stabilized before and after measure points 
P1-P5 by this. Next, in step 106, the field of a part [ a part ] to make it focusing on the shot field SA is 
determined as focus datum level. For example, let pattern space 40B be focus datum level in drawing 8 (a) 
as that by which a pattern with the narrowest line breadth is exposed on pattern space 40B in which a 
measure point P3 is located. However, it is possible also when making the largest (area is large) pattern 
space (for example, pattern space 40A) in the shot field SA into focus datum level. What is necessary is for 
a focus datum plane to follow, and to choose and just to determine it as the priority (for it to become settled 
according to pattern line breadth, a pitch, etc.) of the focus for every pattern space in a shot field. 
[0054] Then, it asks for offset value delta a-delta e to detection output signal Fa-Fe in measure points P1-P5 
in step 107. In drawing 8 (a), when the transform coefficient to the variation rate from a detection output 
signal to a Z direction is set to k, offset value deltac to the detection output signal Fc in the measure point P3 
on pattern space 40B which is focus datum level is 0. Moreover, the offset values delta a, delta b, delta d, 
and delta e over the detection output signals Fa, Fb, Fd, and Fe in measure points PI, P2, P4, and P5 are set 
to /k, respectively (ZA-ZB). 

[0055] Next, in step 108, amendment operation part 30B adds offset value delta a-delta e for which offset 
value BFa-BFe of the detection output signal in the best image formation side 42 of drawing 8 (a) was asked 
at step 107. This is equivalent to changing into best image formation side 42 A containing an imagination 
level difference as shows the best image formation side 42 shown as a continuous line by the dotted line, 
and makes pattern spaces 40A-40C focus to the imagination best image formation side 42A. 
[0056] That is, in step 109, amendment operation part 30B supplies the detection output signal of 
imagination best image formation side 42A, i.e., (BFa+deltaa), -, (BFe+deltae) to deviation detection section 
30C. Moreover, detection output signal Fa-Fe corresponding to the actual pattern spaces 40A-40C is 
supplied to deviation detection section 30C on real time. Then, deviation detection section 30C supplies a 
driving signal with which the sum of squares of deflection with offset - (BFe+deltae) and value 
(BFa+deltaa), and detection output signal Fa-Fe becomes min using a least square method as opposed to the 
actuator 1 8 Z and for leveling stage 20. Thereby, as shown in drawing 8 (b), pattern space 40B which is 
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focus datum level agrees in the actual best image formation side 42. Then, a pattern with the narrowest line 
breadth is exposed in high resolution by exposing at step 1 10. 

[0057] You may make it shift focus datum level to a Z direction seemingly, when offset value delta a-delta e 
can exceed the depth of focus in the above-mentioned step 1 07 although pattern spaces 40A and 40C other 
than pattern space 40B are set up in the depth of focus of a projection optical system at this time so that 
weighting may be performed for example, to offset value delta a-delta e and pattern spaces 40A and 40C 
may enter in the depth of focus. This is applicable also when the whole surface of a shot field is in the depth 
of focus as for close. Moreover, focus datum level (pattern space 40B) may be shifted so that pattern spaces 
40A and 40C may enter in the width of face of the depth of focus simply. 

[0058] In addition, in the above-mentioned example, since it was the method which compares desired value 
with a actual detection output signal by deviation detection section 30C as shown in drawing 7 , offset value 
delta a-delta e of a level difference was added to the best image formation side 42 which is desired value. 
However, what is necessary is just to deduct these offset value delta a-delta e from a actual detection output 
signal, when taking the method which carries out offset amendment to a actual detection output signal in 
drawing 7 , and is supplied to deviation detection section 30C. 

[0059] In addition, the detection output signal in the measure point distributed all over the shot field SA of 
drawing 5 is acquired actually, and concavo-convex distribution on the whole surface of the shot field SA is 
identified. However, the detection output signal supplied on real time from ADC30A in drawing 7 is only a 
detection output signal of five on slit image ST of drawing 5 . Moreover, amendment of the surrounding tilt 
angle of a shaft parallel to slit image ST only by using the data on slit image ST cannot be performed. Then, 
amendment of the tilt angle of the surrounding wafer W of a shaft parallel to the slit image ST is performed 
with open-loop as an example. That is, by scanning the shot field SA to slit image ST, as shown in drawing 
8 (a), the imagination detection output signal of best image formation side 42 A and the detection output 
signal in a actual pattern space are searched for. Then, beforehand, it asks for the controlled variable of the 
actuator 1 8 of drawing 4 , and the relation of the tilt angle of Z and the leveling stage 20, and only the 
amount which negates the difference of the detection output signal in a actual pattern space and the 
detection output signal of imagination best image formation side 42A controls the tilt angle of Z and the 
leveling stage 20. The pattern space by which the pattern with the narrowest line breadth distributed all over 
the shot field SA of drawing 5 is exposed by this by open loop control focuses to the best image formation 
side of a projection optical system PL as a whole. 

[0060] In addition, as step 104 A shows, whenever it makes stepping of X-Y stage 21 carry out in the 
direction of X at constant pitch and the X-Y stage 21 stops, you may make it store detection output signal 
Fa-Fe in MOMERI at the constant pitch in step 1 04 of drawing 1 1 . It is effective in the effect of fluctuation 
of the air accompanying a motion of X-Y stage 21 being reduced by this approach. 
[0061] Moreover, instead of actuation of step 101-102 of drawing 1 1 , even if [ like steps 111 and 1 12 of 
drawing 12 ], it is good. That is, at this step 111, X-Y stage 21 is driven first, and as shown in drawing 5 , 
the shot field SA is moved to the measurement starting position SB. Then, in step 112, auto-focusing is 
performed in the measure point P3 of the center of slit image ST of drawing 5 , and the focal location of Z 
and the leveling stage 20 is locked. Then, it shifts to step 104 of drawing 1 1 , or 104A, and the detection 
output signal in the whole surface of the shot field SA is sampled. Subsequent processing is the same as 
actuation of drawing 1 1 . In the sequence of this drawing 12 , there is no futility in actuation of the wafer 
stage 21, and measurement is performed efficiently. 

[0062] In addition, in the above-mentioned example, it was considered that the run side of the Z and the 
leveling stage 20 at the time of driving X-Y stage 21 in drawing 4 and the best image formation side of a 
projection optical system PL were almost parallel. On the other hand, when the run side of Z and the 
leveling stage 20 and the image formation side of a projection optical system PL are not parallel, the 
following amendment actuation is needed. That is, it is made to have in the memory in amendment 
operation part 30B by making deflection (image surface dip, bow, etc.) of the run side of the Z and the 
leveling stage 20 when driving X-Y stage 21, and the image formation side of a projection optical system 
PL into an equipment constant. Since the detection output signal searched for by the approach of step 104 of 
drawing 1 1 in this case shows the measurement result on the basis of the run side of Z and the leveling stage 
20, it should just add the amount of deflection with the image formation side memorized as an equipment 
constant to that measurement result. 

[0063] Moreover, although concavo-convex distribution is searched for in one shot field SA on Wafer W in 
the above-mentioned example as shown in drawing 5 , the concavo-convex distribution in each shot field on 
a wafer may be searched for from the comparison with the result and process structure which performed the 
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same measurement, equalized the acquired detection output signal, and were equalized and obtained in some 
of (one or more) other shot fields on Wafer W. Thereby, the effect of the spreading unevenness of a 
photoresist etc. is mitigated. 

[0064] Next, although location detection of a Z direction was performed in the shot field SA predetermined 
[ on Wafer W ] in the above-mentioned example as shown in drawing 5 , location detection of a Z direction 
may be performed all over Wafer W in the pitch of 1 for an integer of the array pitch of for example, a shot 
field, concrete — the array pitch to the direction of X of a shot field — PX it is — if - spacing of focal 
location measurement in the direction of X serves as PX/N using two or more integers N. At this time, 
output change of the detection output signal from a multipoint AF system is repeated the same period as the 
array pitch of a shot field. 

[0065] In this case, when foreign matters, such as dust, are in the exposure side of a wafer or a wafer has the 
configuration change by curvature etc., output change of the multipoint AF system in that shot field differs 
from output change in other shot fields. Then, it is desirable to compute independently the amount of offset 
of the detection output signal over focus datum level to the shot field where the deflection from the average 
of the value which sampled the detection output signal with the period corresponding to the array pitch of a 
shot field has become beyond a predetermined ** value. Moreover, to the shot field where the effect of such 
a foreign matter, curvature, etc. is expressed, assistant processing (operator call) etc. may be processed as 
warning or an error. 

[0066] Next, in the above-mentioned example, the location (focal location) of the Z direction of the 
exposure side of Wafer W is measured from the detection output signal FS which changes in the shape of an 
S curve. The curve 44 of drawing 13 showed an example of that detection output signal FS, and was asking 
for the location of a Z direction from the detection output signal FS in this drawing 13 using the section 
which can be mostly approximated in a straight line 45 among curves 44 conventionally. However, now, 
there is inconvenience that the location detection range of a Z direction is narrow. Then, in order to make 
the location detection range large, it is desirable to make memory memorize the detection output signal FS 
when moving Z and the leveling stage 20 of drawing 4 to a Z direction by migration pitch deltaZ (for it to 
measure about each of FSa-FSe actually), namely, to ask for the curve 44 of drawing 13 in approximation. 
In this case, the value of the detection output signal FS is memorized to the location of a Z direction. 
[0067] And if the value of the detection output signal FS is Vi in case location measurement of a Z direction 
is performed actually, it is the location Zi of a curve 44 to a Z direction. Accuracy is asked. On the other 
hand, when a curve 44 is approximated in a straight line 45, a detection output signal is Vi. The location of 
the Z direction at the time is Zh. It becomes and an error arises. Next, based on the actual measurement 
result, the tilt angle of Z and the leveling stage 20 is controlled by the above-mentioned example. However, 
since the tilt angle to the run side of X-Y stage 21 of the image formation side of a projection optical system 
PL is known beforehand, the tilt angle may be performed beforehand on Z and the leveling stage 20. 
Thereby, when location detection of a Z direction is performed by the multipoint AF system, the amount of 
gaps of a tilt angle decreases and the offset value computed for every measure point becomes small. 
Therefore, while the time amount which a focus takes is shortened, focus precision also improves. 
[0068] Moreover, in the above-mentioned example, the tilt angle of the plane parallel 12 arranged at the 
light-receiving system of a multipoint AF system as shown in drawing 4 can adjust now the physical 
relationship of the imagination datum level of a multipoint AF system, and the best image formation side. It 
means that the offset value in which this appears common to detection output signal FSa-FSe is also 
removable with the tilt angle of the plane parallel 12. 

[0069] However, since there are few amounts of amendments what formed the plane parallel 12 only in the 
light-receiving system side, plane parallel may be arranged also to a light transmission system side. Thus, by 
amending an image formation location by the plane parallel of two sheets, the amount of amendments of an 
image formation location can be enlarged. And a location gap of the light-and-darkness pattern on a wafer 
can also be amended by putting in and amending plane parallel to the both sides of a light transmission 
system and a light-receiving system. 

[0070] In addition, if plane parallel is arranged in the light transmission system of a multipoint AF system, 
for example, common offset amendment is performed using this plane parallel at step 109 of drawing 1 1 , a 
location gap of slit image ST on Wafer W will arise in the time of measuring a detection output signal at 
step 104, and the time of measuring a detection output signal at step 109. Then, what is necessary is to 
measure beforehand the amount of location gaps of slit image ST on the wafer W to the tilt angle of plane 
parallel, and just to amend the amount of offset added to the offset value of the best image formation side at 
step 109 corresponding to each measure point based on that amount of location gaps measured beforehand, 
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in order to reduce the effect of this location gap. 

[0071] Next, in the above-mentioned example, as shown in drawing 5 , slit image ST for location detection 
of a Z direction is aslant projected in the direction of the diagonal line to the shot field SA on Wafer W, and 
five on this slit image ST are chosen as measure points P1-P5. On the other hand, as shown in drawing 14 , 
on the shot field SA, the measure points PI 1, PI 2, — , P74 of N individual (at drawing 14 , N is 25) may be 
set up in the direction of X, and the direction of Y two-dimensional in a predetermined pitch, and the pattern 
image for focal detection may be projected at these measure points, respectively. In this case, when the 
number of the photo detector (light-receiving pixel) which receives each pattern image also turns into the 
same number as a measure point, for example, it adopts a synchronous-detection method, it is difficult to 
process the photo-electric-translation signal of the pattern image from all measure points in parallel. Using 
the selector circuits 13A-13E as shown in drawing 7 , every five photo-electric-translation signals are 
chosen from the photo-electric-translation signal of these N individual, and it may be made to perform a 
synchronous detection there in time sharing. Circuitry is simplified by such time-division system. 
[0072] Moreover, you may make it project aslant the pattern image of the shape of a grid of a predetermined 
pitch on a wafer instead of projecting a slit image, although focal detection is performed. In this case, using 
the reflected light from that wafer, re-image formation of the pattern image of the shape of that grid is 
carried out on an image sensor two-dimensional [, such as two-dimensional CCD, ], and the amount of 
location gaps to the Z direction in respect of exposure of the wafer which corresponds from the amount of 
strike slips of the image by which re-image formation was carried out is calculated. 
[0073] Moreover, the method which projects a slit image, for example, detects the location of the pattern 
image on a 1 -dimensional line sensor by which re-image formation was carried out, and calculates the 
amount of location gaps to a Z direction may be used. What is necessary is not to prepare the plane parallel 
for calibrations and just to use always electric offset by this method. Although what is necessary is just to set 
at least one measure point as each of at least two pattern spaces (a scribe line etc. is included) from which 
the height in a shot field differs Or it processes weighted average-ization. for example, the time of setting 
two or more measure points as each pattern space, and asking for offset value delta a-delta e — every field — 
two or more of the measurement values — statistics processing or equalization — At the time of auto focus 
actuation, the offset searched for is given for every field at one measure point, and you may make it use the 
detection output signal in the measure point. What is necessary is in short, not to perform auto focus 
actuation which does not need to search for the offset for every measure point, and doubles a shot side and 
an image formation side altogether in each of two or more measure points, to search for the offset in at least 
one measure point for every pattern space, and just to perform autofocus actuation using the measure point 
concerned, when two or more measure points are in one pattern space. 

[0074] Next, by AF system (focal location detection system) of the oblique incidence method shown in 
drawing 4 of the above-mentioned example, the light of a nonphotosensitivity or photosensitive weak 
wavelength region is used to the photoresist on Wafer W as illumination light IL for focal detection. 
Furthermore, in a photoresist, since the thin film interference by the flux of light which carries out incidence 
arises, when especially the flux of light is the homogeneous light, the luminous intensity reflected with the 
thickness of the photoresist may become quite weak. So, in order to mitigate the adverse effect of the thin 
film interference, it is desirable to use the flux of light which has the bandwidth of lOOnm or more as the 
illumination light IL. As illumination light IL, it was concretely chosen from the flux of light irradiated from 
a halogen lamp with the wavelength selection filter, for example, the flux of light of a 700nm - about 900nm 
wavelength region can be used. Moreover, the 700nm - about 900nm illumination light of the area within 
wavelength from light emitting diode may be used. Furthermore, it is good also considering two or more 
homogeneous lights which mix the flux of light from two or more semiconductor laser components, and are 
acquired, for example as illumination light IL. 

[0075] However, uniformly [ distribution of the optical reinforcement to wavelength ], when a 
predetermined wavelength region or two or more waves of flux of lights are used as illumination light IL, 
when the optical reinforcement of specific wavelength is strong, there is a possibility that it may be 
influenced of thin film interference on the specific wavelength. So, in order to avoid it, as shown in drawin g 
4 , it is desirable to arrange the light filter plate 60 for equalizing distribution of the photo-electric- 
translation signal over wavelength in front of the array sensor 1 5 of AF system. In addition, the light filter 
plate 60 may be arranged in any location between the light sources and the array sensors 1 5 which are not 
illustrated [ which generate the illumination light IL ]. 

[0076] With reference to drawing 15 , it explains per example of the property of the light filter plate 60 
concretely. First, suppose that it is a crest type as distribution of the optical reinforcement LE to the 
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wavelength lambda of the illumination light IL (lambda) shows drawing 15 (a). In this case, distribution of 
the permeability T to the wavelength lambda of the light filter plate 60 (lambda) is mostly set as a trough 
type, as shown in drawing 15 (b). However, permeability T (lambda) is amended in consideration of the 
wavelength sensibility property in the array sensor 15. 

[0077] That is, the detection sensitivity (an output signal / optical reinforcement which carries out incidence) 
PSV (lambda) to the wavelength lambda in the array sensor 15 shall serve as an upward slant to the right, 
for example, as the dotted line of drawing 15 (c) shows. In this case, since distribution of the optical 
reinforcement LR to the wavelength lambda of the flux of light which passes the light filter plate 60 and is 
received by the array sensor 15 (lambda) is the product of the optical reinforcement LE (lambda) and 
permeability T (lambda), distribution of that optical reinforcement LR (lambda) sets distribution of 
permeability T (lambda) that the lower right serves as the property of ** somewhat like the continuous line 
of drawing 15 (c). Since the photo-electric-translation signal SR (lambda) outputted from the array sensor 15 
to the flux of light of wavelength lambda at this time is the product of detection sensitivity PSV (lambda) 
and the optical reinforcement LR (lambda), as shown in drawing 1 5 (d), it serves as an almost flat property 
to wavelength lambda. Thereby, the adverse effect of the thin film interference in a photoresist can be 
reduced, and level difference measurement of the front face of a wafer can be carried out to stability. 
[0078] In addition, as for this invention, it is needless to say that configurations various in the range which is 
not limited to the above-mentioned example and does not deviate from the summary of this invention can be 
taken. 
[0079] 

[Effect of the Invention] Each detecting signal [ according to this invention ] of the photoelectrical detection 
means corresponding to two or more measure points, And since an operation means to calculate the offset 
value for doubling the datum level of the focus on a substrate with the image surface by the projection 
optical system independently for two or more measure points of every was established based on the process 
structure of the exposure side of a substrate, It does not depend on the condition of the irregularity of each 
shot field of a substrate, but there is an advantage which can be exposed by doubling each exposure field 
(shot field) with the image formation side by the projection optical system in the optimal condition. 
[0080] Moreover, where the image of the pattern for focal detection is projected into the exposure field by 
the projection optical system from an incident light study system It asks for the detecting signal of a 
photoelectrical detection means to correspond, respectively in two or more measure points distributed the 
whole surface in an exposure field by driving a substrate stage and running a substrate. The detecting signal 
of the photoelectrical detection means in two or more measure points when an operation means is distributed 
all over the, and in calculating the offset value for doubling the datum level of the focus on a substrate with 
the image surface by the projection optical system independently for two or more measure points of every 
based on the process structure of the exposure side of a substrate The optical system for focal detection of an 
easy configuration is used, and the condition of the irregularity of the whole surface of the exposure field of 
a substrate can be measured promptly. Therefore, there is an advantage which can be exposed by doubling 
the whole surface of the exposure field with the image formation side by the projection optical system in the 
optimal condition. Moreover, even if the display flatness of the holders (wafer holder etc.) of a substrate is 
bad, there is curvature of a substrate and a foreign matter etc. is between a substrate and a holder, the focus 
error resulting from them can also be prevented. That is, the whole surface of an exposure field can be set up 
in an image formation side, agreement, or the depth of focus. 

[0081] Furthermore, when the flux of light used in case the pattern image for focal detection is projected 
into the exposure field by the projection optical system from an incident light study system is made into the 
flux of light which has the bandwidth of lOOnm or more, there is an advantage by which the adverse effect 
of thin film interference with the sensitive material on a photosensitive substrate (photoresist etc.) is 
mitigated. Furthermore, although the flux of light may be scattered about for it or diffracted by the edge 
section of the irregularity on the substrate etc., when the flux of light of a broadband is used, even if the flux 
of light of specific wavelength becomes weak, there will be an advantage which can obtain a detecting 
signal with an SN ratio good as a whole. 

[0082] Moreover, when the optical filter for carrying out entropy of the wavelength sensibility property of 
the flux of light used in case the pattern image for focal detection is projected on the optical path to [ out of 
an incident light study system ] two or more photoelectrical detection means has been arranged and the flux 
of light of a broadband is used, flattening of the intensity distribution over the wavelength of the detecting 
signal outputted from these photoelectrical detection means is carried out mostly. Therefore, height 
distribution of the exposure side of a substrate can be measured to accuracy, without being especially 
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influenced by the light of predetermined wavelength. 

[0083] Next, when an operation means amends the desired value according to the height of the image 
formation side by the projection optical system using the offset value independently calculated for two or 
more measure points of every, focusing and leveling can be carried out to high degree of accuracy by 
performing a closed loop control with which the desired value after this amendment and the detecting signal 
actually obtained agree. 

[Translation done.] 
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[Filing Date] March 26, Heisei 14 (2002. 3.26) 

[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The projection optical system which projects a mask pattern on a photosensitive substrate, 
The substrate stage which holds said substrate and positions said substrate in a flat surface vertical to the 
optical axis of said projection optical system, 

The focal leveling stage which adjusts the height of the tilt angle of said substrate, and the direction of an 
optical axis of said projection optical system of said substrate, 

The incident light study system which projects the image of the pattern for focal detection aslant to the 
optical axis of said projection optical system using a nonphotosensitivity light to said photosensitive 
substrate on the measure point of the plurality in the exposure field by said projection optical system, 
Light-receiving optical system which condenses the reflected light from said two or more measure points, 
and carries out re-image formation of the image of the pattern for the focal detection on said two or more 
measure points, 

Two or more photoelectrical detection means to generate the detecting signal corresponding to each amount 
of strike slips of two or more images in which re-image formation was carried out by this light-receiving 
optical system, 

In the projection aligner which has the control means which controls actuation of said focal leveling stage 

based on the detecting signal from these two or more photoelectrical detection means, 

The projection aligner characterized by establishing an operation means to calculate the offset value for 
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doubling the datum level of the focus on said substrate with the image surface by said projection optical 
system independently for said two or more measure points of every, based on the process structure of each 
detecting signal of said photoelectrical detection means corresponding to said two or more measure points, 
and the exposure side of said substrate. 

[Claim 2] It asks for the detecting signal of said photoelectrical detection means to correspond, respectively 
in two or more measure points distributed the whole surface in said exposure field, by driving said substrate 
stage and running said substrate, where the image of the pattern for said focal detection is projected into the 
exposure field by said projection optical system from said incident light study system, 
Said operation means is a projection aligner according to claim 1 characterized by calculating the offset 
value for doubling the datum level of the focus on said substrate with the image surface by said projection 
optical system independently for said two or more measure points of every based on the process structure of 
the detecting signal of said photoelectrical detection means in two or more measure points distributed all 
over said, and the exposure side of said substrate. 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by making the flux of light used in 
case the image of the pattern for said focal detection is projected into the exposure field by said projection 
optical system from said incident light study system into the flux of light which has the bandwidth of lOOnm 
or more. 

[Claim 4] The projection aligner according to claim 1, 2, or 3 characterized by arranging the optical filter for 
carrying out entropy of the wavelength sensibility property of the flux of light used on the optical path to 
[ out of said incident light study system ] said two or more photoelectrical detection means in case the image 
of the pattern for said focal detection is projected into the exposure field by said projection optical system 
from said incident light study system. 

[Claim 5] Said operation means is a projection aligner according to claim 1, 2, 3, or 4 characterized by 
amending the desired value according to the height of the image formation side by said projection optical 
system using the offset value independently calculated for said two or more measure points of every. 
[Claim 6] The datum level of the focus on said substrate is a projection aligner given in any 1 term of claims 
1 -5 characterized by including the field where a pattern with the narrowest line breadth is exposed among 
said mask patterns. 

[Claim 7] Said operation means is a projection aligner given in any 1 term of claims 1-6 characterized by 
calculating independently the 2nd [ according to the image formation property of said projection optical 
system ] offset value for said two or more measure points of every. 

[Claim 8] By scanning the shot field on said substrate to said two or more measure points, said operation 
means is a projection aligner given in any 1 term of claims 1-7 characterized by calculating the offset value 
for doubling with the image surface searching for the concavo-convex distribution in said shot field, and 
according the datum level of the focus on said substrate to said projection optical system independently said 
two or more whole measure points based on said concavo-convex distribution. 

[Claim 9] Said operation means is a projection aligner according to claim 8 characterized by memorizing the 
deflection of the image formation side of said projection optical system, and the run side of said substrate 
stage, adding this amount of deflection, and searching for said concavo-convex distribution. 



[Translation done.] 
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(54) PROJECTION TYPE ALIGNER 

(57)Abstract: 

PURPOSE: To perform exposing by setting each shot 
region, under an optimum condition, to the focusing 
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[0 0 3 3] 13 6(4. SJtffiXU 7hfil4 t7Kt 

T. X'J^hgl 4tt^XS«±^^DA« Gift 

6XU >y h*JBfiKLfcfe(OT*«So COX'JyhfiM 
£\ §«f7l/-Al 4A±H:aSU CCD^"7U-A 

^O^UVhStgl 5 A±K«*tf^B^<Dfafc«fflI^ 30 
TH^TSo CtUc^T. X'J7hiUOXU7h 

tc£oTSSS£n& 0 COcfc^tcXU *y hSl 4 hZU 

U>X^£rfa»\ XU^hfil4i:7Wtv^l5 
fc*ft¥«fc*SfcLTt>J:i/\, 5fe<OB6TSL 
/:XU 7 h® S T©-)XAW±TOl^lt 

1 / 5 G»/h) T\ &i5*iilf I f ©fiStf 3 2 mmitutt 40 

[0 0 3 4] 0 7 13\ 7U-f-tr>-9"- 1 5. 

3. NgMKBR 1 7, Rtf±Sfl»:x--j; 
h 3 OOa«W&I5JK«!J5!c<0— »J*^L. CCO07(Cfe 
l^T. 3C£5{@0-trU^ — lelS 1 3 

a- 1 3 E£K>mi&2ft, mm&i&®f& \ i tsiawi 

831&£le]Sg 1 7 A~ 1 7 EiDM^nrt^o * L 
Ts T 1 5 0§ftiHni£^5O<D^;l/— :/G 
a~GetC#U\ &^l/-;/F^£>-fcU^£— 1 3 so 
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y;^Ga-Gett, *ti^nH5(0XU HftS T 
fc 5 OQfHHOjS P 1 - P 5 OfftftOX U ^y h flJ^: 

1 3 A- 1 3 ElC*SV^T. ffSJ^P 1 - P 5±OXy *y 

h mzt&ft-r a jRotattim** a*?-r a t © t -r 

[0 0 3 5] H7£*5<,>T. 7U^-tz>it— 

1 5 t0§«(O^l/-y G a 

fftsn, *l/W-iBl SAfccfcoT^nsSJttH 

§0 -feU**— EWSl 3 A (4, ^l/-^Gato 

^ffi[Hl£§ 1 7 Afci£5«|^<Dffifc:. ^Iz-^G a rtOR 

*SJtH** 5 o ^ t ^n^en-fe u * * - mss 1 
3 b~i 3Efl7i8?sn, a«*nfea*jfli^*n 

^tll^WBtftiSlHlBS 17B-17 E'xftt&SttSo 
[0 0 3 6] IH^^gSl 7 A~l 7 Efcfc. ^ft^tl 

ff^F S a-F S e*ttl*tSo i:n50*»fflAff 
FSa-FSe^ i»X7 b 3 OflOTtD^/ 
"r^*;M£8*S (ADC) 3 0AWtlftif^;bf 
-^»C«»SnT«iEiftIP6l53 0 B, KtffllSttUff3 
0 ClCft«Sn«o »iIE«M¥gP3 0 BlCte, M^n-tr 
X7*-*fe«BP3 0 F cfc^^lS^x/NCOyn-trX^igti: 

fefl»&«ti*i:«fc\ 121135 3 0 D jfc Off 

ujl, *o«*iis«itasB3oc(«:«j5e-r«o c<Dmm 

«ffi3P3 0Ctt. WiEiS@a53 0 BA^OMi: AD 

c 3 0 A^€)0^m^fiii:o<l-M^ffiL, ccDimm 

*'p%<^%&5&mi5m^Ds*m4<DmW)gv>\ sic 
[0037] & K>m&mc. dM«ma53 octit w 

ADC3 0A^WMfflM§F Sa-FSe i:<D<l 

t, Hsow-ay^p 1 -p 5 <o¥^w*ffi^aK^3s 

[0 0 3 8] i5T'(ift»teP 1 — P 5*< 1 ifig! 



(8) 
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«»ft*#jfai'r*Kitt x ttistHiijaip i—P5*2* 

[0 0 3 9] $/c> 0 7t^T, 3B*aSP3 ODJC^fe 10 
Ett«ntt^*7-fe7 h«t4, «IE«i»«»3 0 Etc 

Eti5 00^JSm^fS^F Sa-FSe, &tf7t«-tr> 
•9-5 5 Otti^fl^ K S cfc t) , MAF 3K£>ffi«W&S*P 

ks (B3#s) t^mic^^jiv-^yv 

^2c*lT^£ 0 20 
[0 0 4 0] CCT^9^#S11T, SIEffi&^gP 3 0 

Eo*(*wa«irt«*Biwr*o mttl cow— 

§§ (ADC) 3 0 0^?tl, ^<0^U^;Uc*flS 
Lfe-r^/l/fittcaftSftT^^ey i:lTOR AM 3 0 

ncfe«snSo coram3oi©7KI/xj8S^ 

*'»?3 0 4i:<l:oTffbft^ ^^>^3 0 4<7) 
ftSu M A D C 3 0 0 Otft^^f ^ >^Mn^> ^ u 
■y*S?x*U— £ (CLK) 3 0 3^e<D^n7^/^l/ 30 
XtCipJj^LTV^o [WJtitC. SOO^ttl^fi^F S a 
-FSeOlO^ I«X^7f-3 0 8^UADC 

3 o sicgy&^tu ccT^^n/c^^^fati^^ 

>*3 0 7tC<fcoT7Kl/X}g^n§RAM3 0 6 
IBIt^n^o fot, R AM 3 0 1 , 3 0 61CC2:. ^rtl 

oRpHWtcSfk-rs&jBA^oii^n^o cn^RAM 

3 0 1, 3 0 6 rtO&Jgti, iHW®iigP3 1 OT'XA- 

^ffl^n^o 40 

[0 0 4 1 ] iSS®SSP3 1 OfcL RAM 3 0 

1, 3 0 6lcfl^«Jg#ffiDi&trre:«>fc\ Z • L—OJ > 

^xf-^2 ooz^ria'\o*a»ift*»jw-r«rc4&(o 

HjiiOfiEKKlBI 2 (a)OX'JyhY-^ISx, IS 
y, IS a 04 3 i^^iSi$^^rcA60|g!li!ifI^^:^4 <D 

x yxt- > ? ffloigi&g|5 2 2^m*-r^o 

[0 0 4 23 Hi 0 (a) tt. 10©*8ffi*SfFS 
<D^{t£¥14£:^U Z • b-OJ >^X-r— >?2 O^ZT^ 
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^fci:#lCR AM 3 0 6 IC mm ZftZl&fc Z Iz ttfc 
-tZo mi 0 (b) fi^cD£#tCR AM3 0 1 ft 

[0 0 4 3] 19ORAM301 rttcti. 010 (b) 

\c7jk-$-m±m*m2>m 3 ^K s ok^a^h t tc^js-r^ 
TKux»<:«n«*nso-e, »j»«iasB3 1 oi*. ^o 

fc* tSI»5!iaSB3 1 Ote. RAM3 0 6flO^Ti £ 
SJEn7FUX*><>h*Sfe, C(07Kl/X#>f> 

htci2it^nTi/^^m±jm^F s<d^a fs^ 

*i6£ 0 COU^;l/AFStt, ^m^ft^-F S±0^ 
7 -tr\y hSJETfeO> Ccomi 0 (a) 0<fc 

3^?stb^^fg*"r§^A Fsoafij^-ett, 

^Z^ft^lfj^^^ ^^XAiIi:^Xh7t 

— *XSF o ^^-a-sscr^c^tc^^o 

[0 0 4 4] i:u5t% 0 9O(H]gS^3^#tC«, 0 
_L<DXU y hv-^OW^MA ¥%k<D&fflfe&<DM 

100/imsutifnt^tfeckt\ ffiot, MAFS 

©a*jSu sp%H5»c^Lfcxu ^ wts TrtoasMi 
p i ~~p 5^?** ore 6. *n6ow^s*it>iL>fc± i 

0 O/tmggOKSTXU v/ hv-^P^&M^X^fn] 
RtfY^lRl^-r^-r^Wc, Z^faJKlJgoT. fl^-K S 

(m-^K SOS NitOfST) J&S:S-^<jBtt«rc 
fib. «QEttff*iBfaJufT'5i:*tt. ff^O 

[0 0 4 5] C<D£?tcLT. EI5©Sttfia^P 1 ~P 

5 a^n^n z #fin?«R}fc*3& p l ic & zmmztm 

<D{iLWlC<&%C?Z>tZ(Dmfctht)m^F S a-F S e <Q 
ffi. gH-fe^OgajgfftBS^cD^^-fey hfiiBFa-BF 
etf#«>6ft£o H5tcfev^T. ^3yhg«SA4ffi| 

*»fc*7-fe-v hfilB Fa-BF e rtOfsm^OfilTS 
[0 0 4 6] ;^tc. *jgflB0S»cfettS^R&tfjB3t»f^ 



(9) 
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fc«^<0«8Sa*fi#F S a~F S e<D{fi, W5&AA 
F»oi^fl9ftlSipffik:»"r«tt«ffio*7-by h«B 
F a~B F eti^ftH-aiJStlT^SfeO^-rSo fc*5. 

@4©/i/-^7^i/i 2©i§iiEft*iisfi-r *u£> 

tl^^-^-fe^ hffiB F a — B F e tt&BTO tCfS £ ttf 
T^^OT% C(lft*n6*7-lr7 HB F a-B F 
ettOlCiSHirefeSo Sfe. XYXf->*21*I(l 10 

To 

[0 0 4 7] B 1 1 0 1 tC^5l>T. 

XYX^— ^*KftLTH 5 lC7jk?& ate. fitas»* 

0^37 hmm. s Ao**«*»AJ**jft 

A F3Rfr&OXU * MSiS TO»»««±»J:»ft-rs 0 

T^TVZf 1 0 2lC;fc^T, XU^h«ST<D* 
i&©tt"«jSP 3W- V7*—i37slkVxo 0 BP "5. H-ai 

£p 3 ic»ic-r«t«fta*«*F s c ^*asig»ffi(D* 20 

HffiB F ctiia5J;-5fc:Z • U^U >^X-r— S> 
2 0OZ#ft©iBi2*!BllU C CDt&BT* Z • U-<U > 

^J?7tS$TZ • U^U >^Xx-->*2 0t7)K2f, R 

a F^(D^m*BH^6^ns^)*i»it-rsfca&-cfeSo 

[0 0 4 8] fIL, *MtfafflTH*7,TV'7l 0 2lC:fc^ 
TXU ^ M£S TO^i&OtHHjSiP 3tt-h7t- # 
X^fx-pf^tHC, i>3 *y hSS^cS ArtgPXtiififiS^S 30 

tHBjKP 3 -p***&s*ia < , ^ a f sox g ^ n» 

xffiBo-rnstf^osifcHseffl (s^-ytCcfc^T?*^ 
s) ^s^nfttttitf 40 

[0 0 4 9] #IC. Xf7^1 0 3lC£>^T, XYXf 

A^xy^MisTcD-x^fnHc waoBiteffiiB 

S B tC^Sb^^/c^:. Xf7^ 1 0 4 tC*5V^T. XYX 
x-^2 1 ^fKKjLT, XU y h@S Ttc^LTX^fpJ 
t'>3 y bfWES A*j£SU fi1iIEi&i?a$3 0 BftCQp< 
tUJC^ttffim^S^F Sa-FS e^telfrTSo C(D 

m. xyxt->'2 1 <DmwMi"-*f=Fmmc&*)mM 

nsgWcW/S'TST' KlxXlClH^iSm^fl^F S a so 
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-FSe*fi«LrUttf < J:^o *<D1£. Xf7/l 0 
5fcl*5^T\ »6nfttt«WAitF Sa-FSe (* 

««S ArtO^ , n-feXg||05)«*ff 5o 
[0 0 5 0]*ftWt, 08 (a) ti'JXAWlOf© 

->h v hmms Artoig^Ka^r^L, c<DHSs±*cffi- 

l/^XhtitBLT$5o @8 (a) t£:fc^T. ^A 
F»oiSffiW*a*iB4 1 ±te»HMP 

MJ^-r^^ffitH^ff^F Sa-FS etf^ft^n 
0t*2> o S»mPLOiftlS«ffi4 2ttf 

otl^o ^CDtctb, SW-iB^P 1-P 5T»6n5tt 
»lli*ffl?*FSa-FSemt CtlStWftttl* 
ft ^ <D ffi fe ^ CD IH3 Q iS C fz ffl £ & o T I ^ 0 
[0 0 5 1] ^Jx.tf^x/NW±<OiagP<D/^->Sg«4 
0 A±^tfffl^P 1 f P2tffilU HSPO^^-VSS 
S4 0 B±fcW-»JjSP 3WfslBU 
4 0 C±lCffiH!lj£P 4, P5tfffiBLTl^fe(Di:t5 
H-SJjSP 3T<D«liKtB^#F S c Offing fe/jN^ 

3 0 bm\ mm^^mmmcMi&ir^m.ttit}m^(Dm 

#&b% 0 Sfc, MIE&MH53 0 Blcii. STfe^n-fex^ 
-^H£tSgP3 0 Fjb^yn-bxflJJttil-rs-r-^feflt 
*&^nT^/^^rci6, tliEillSgP3 0 Bti. ±iSOJ:5tc 
**rcG3ia»*i:, ^oya-trx^ig^Oib^^Of+i'J 
iSPl-P 5^ffiB"T^^^~ >SPS4 0 A — 4 0 

[0052] cntcj;o. m^i£^^—ymm4 0 a 

~4 0C#, ^^rU-fe;I/SP, ilia[HlK0P (0^7^ 

SB) . xtix^^^^><>^oMn^jB-rso*^ipj 

^cfcD. 3^*-:yffiJ£4 0 A, 4 0COSMZa , R 

tf^->ai«4 0B(DgiZB *ttafp**o cn^> 

[0 0 5 3] S/c, MIBPffi-rstfSJiSKTOM^T-- 
ffl*l§lcov>T»a¥ (tf?>o#) select 

ajsc^^T-^So cntcton-ffl^p i^p5 0hu« 
T^SLrcffaa^*«>sc:fcfet?*So x^^ 

(a) tCfet^T. MWiSP 3^{ftOS-rS/<^ — >ffi«4 



(10) 
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*si;t«$*) k^oTjijr. ft«ttitf<t^o 

[0 0 5 4] *<&^ Xf7^1 0 7tCfcV>T\ SHffljS 
P 1 ~P StC^t^^m^m^F a — F el:M5^ 
7t7HAa-AeW« fl 08 (a) fcl&V^ 10 
WtBA«^6 Z#ft^®£ffi^©£ifc«»* k £-? 
Z>h, -&fi«iPffiT*«/^->««4 0B±OW-jB!l^ 
P 3Ur3ott£«j£tH^{l-5f F clc«m7-b7 hffiA 
ctiOTfe^o $fc* ttfflfliSPl, P2, P4, P5tC 
fetf5MtB*fitFa, Fb, Fd, F elctt?** 
;7-fc>yh<BAa. Ab, Ad, A e te. ^ti^fi. (Za 
-Zb ) /ki:^^ 

[0 0 5 5] Xf^^lO SIC^T, ffilESSB 

gB 3 0 B «\ 0 8 ( a ) Olggil 4 2 
m^<D*y-tev MSB Fa-BFeC Xf7^1 0 7 20 

^4 0 A~4 0 Cfc^S-eSCfcfc&So 

[0 0 5 6] EP"5. Xf7^1 0 9tC*5^T. MIESW 
SP3 0 Bti. <KS«ft*fi*S«flB4 2 AOttSfflAi 
^ EP"£ (BFa + Aa) - (BFe + Ae) 
tBSP3 0 CtCfit«&-TSo 2=/c, ffiH«fflffi3 0 Cfclfcm 
BMV«r — ;/««4 OA- 4 0 C^WiS-T ^^m^jff 30 
^Fa-Fe^iJ7;WAttWnn^o 
T% ffiitt£H3P3 0 Ctf. Z • 0 

T. MI (B F a + A a) - (BFe + Ae) 

tttKW^ff^F a~F e fc©IM©ISlPtfa^K:4 
S<fc-5*IB»i<i^«*&-rSo c*Uc£^ 08 (b) 

fcfc. ^Oi6fSi®4 2 ledger 3 0 XT7 

7 p i 1 o-emTt^'nocticXK*. fflfel§M6<D!Ri/v^ 

[0 0 5 7] C<D£il\ ^->Ii4 0BM^^ 
4 0 A . 4 0 C im&ft^&CDM&mgLftlzm 

ttA a-A e#Muafltt*jB^.»«i:«lc(d:. 00* tf* 
7-ir7MAa-A e tCfi^ttlt^firoT^— 

4 0 a , 4 0 c ^^ggfirt »c a& x -s ic&mmmffi* 

tt, -> 3 *y hl^B»,MIrt^Aott^i^ 

tCfeJBfflPlTfeSo t/c. ijM$l£^*-Vg|«4 0 A. 

4 0 C^^SO®rt(cA^<fc3tc s ^JIKgapEB (>< so 
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^-y«l«4 0B) *^7h3tTtiV\ 

[0058] &3b\ ±a?<DHfiSfi?!iT«0 7tc^-r«ka 

*Jt«rr*#5K"Ca&*fc«>. Sttffi-?£&flt&*SttS4 
2tc|SMC>*^-fe^ hffiA a-A e«riPgLTV>feo b 

*y hffiiE^fToT{iM^mgP3 0 ctc«3ne^«#3S*a 

filA a-A e#ML3lttfcfcfcl/\, 
[0 0 5 9] **5. HPHUlt^ B50S/a7hg«SA 

3 7 MIS A^It^[Hia»ft»J^tiSo Lfr 
L&*^. B 7 ICIS^T A D C 3 0 A ^ 5 'J 7;l/*-f A 
T«*&^tlS«li6ffi*fI-^(iH5cDXy *y H»S T±C0 

®i^S A*XU >y hits TlcttLTTtfi-r^c^tCci; 

H8 (a) tc^-Tcfca^, ffiSW4«&*£«ffi4 2 
A©*«ai*rtl*§i:. I»/^->IiT«aj* 

(ommmt z • l^d >^xf-^2 oo«*w§<oii8« 

fc««Wa»aiS«BS4 2 AOfiHftH5*fi#i:(0||»* 

[0 0 6 0] m 1 1 OXT7/1 0 4 tC&V^T, 

Xf7^1 0 4AT^tJ:^i:> XYXf-^2 1^X 

-^2 1 tff¥ih-r*«fc:. EP^^O-Stf^y^T^tB 

^fl^-F a~F e^r-t^ V lCfeffi-?Z>£5lClsT 

l\ C£D7d?£^J: 0> X YXf-: ^2 1 ^IS^tCff 3^ 

[0 0 6 1] gfc, mi 1 ©Xfyyi 01 — 1020 
ttff 0«to »9 tC. 0 12 (OXf 7^1 1 1 Rlf 112 0 
^^ClT^<fc^o EP*>. C(OXf77l 1 1 Tit 9t 
fXYXf-^2 1 ^rlgSiLT. i5(c^ti^l: N v 
3^h»iSSA*W-iBIBHttffl[KSBfc:»i&*-** 0 
tt> Xf7^1 1 2tc4oi/^T, i5©XU7hiST© 
**OW-a!ljSP 3T*- h"7^— ^X^toT. Z-b 

>^Xf->*2 0(07^-ij7fipD7m o 
^C0t^ 0 1 1 ^XT7^I 0 4X& 1 0 4 AicmjL 
TV3 7 hSSSS A03>®TO^tt5^^<0*9->yu 



(11) 
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[0 0 6 2] ft*>. ±3i^0JTte. 04^TXY 
Xf — i? 2 l*BI&LfcB$©Z • 

rfe§i:^LT^/co cn^LT, z • u^u>^ 

ff -pa a o ftMiEiMttf i&B ft 

X YXf- >>2 1 *mW)l>tz£Z<DZ • IsHJ^ 
^Xf-y 2 0 0 ffi Hieft*3& P L OttttS £ <D 

fs^fi, z • i/^yvyxf-^2 oo^s^s^ 

[0063] sfc. ±aii*MTttH5te^rj:5fc:, 

3 *y h««-et>ni:iwi*ffoT. »6tife*«m*fi 20 

fc©Jt«fr5*x/\±o&>'3 *y hfIi£rt<D[HIfl#*|JJ& 
3Rtf>Tfc«fcl/\> CtUC<fc t), 7* hU^Xh<D&fl?<ty& 

[0064] ±j&niMm-ctem sic^tcx^ic 
^x/NW±^m^o^>3 hmms a^z^(dom 

^OBH5ije»y^Px Tfentf. X^fRjT'O^^— #X 30 
ft£ 0 CfO^, ^3 y h®«©gE5>Jt?y^tRli;S«B 

[0 0 6 5] *x/N<DKft®fc:ffl^<Dg%l;&< 

t<Dz/s >y hMTOMA F^OtB*aEft^flfiO->3 
*y h««roa*Sft4:a&«o ^CT% tfcffiffi^/fl^ 

[0 0 6 6] ±a!HfiBffiJT*(iS*— r«»c^ftf 
S8BSffl*ffi^F S cfc^^x^WOSTtStDZ^fRlOffi 
ffi (7*- #X{4fI) fciHfflLTl^So 0 1 3<Dffiffi4 

4 IS. ^(D^m^e^F S<DHW**U C(Oil3 so 
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tc&^r, t**tift^4 4<Drt-Pig*a4 5-e««ififice 
*#»TVfco L^Lft^6, cn-Pttz^iRi-eoffiH 

IEH*J£ <-r«rc*. M^lfH4©Z • l/^U^Xf 
-^2 0&&m\£v3-L ZTtZJimc&WiZ&rctZCD 
«H£fcH:fcM#F S (HBfcttF S a~F s eotnfn 

0 1 3€fii4 4*3fiiH«l^*«)Tfe<eD^Si*LV>o 
ZSl6lOttWC»LTt(«aiAif F SO* 

[0 0 6 7] fbt, H^te:Z75-fRlOfiiBtl-SiJ^tT^^ 
^tU^lfi^F S©«#ViT*fttf. AI4 4 

TZ • U^UV^Xr- i?2 0 coffin (D$iJSII^toT 
l/^o L^Lft^6. «R*fc¥*P L<Oj£{£®<DXYX 
-r-^2 1 cO^O®^*f*r^fflf4ft^A6g£SJ"efe^O 
T\ ^tg&ft^A&Z • ^'Jy^Xf-^2 OTtT 

z^ipjoteM^m^fTofc^i^c. ««fto-rn«^ 

ft<fttK *W-»J^«k:J|Lffl*n**7-lry HBbBVhS 

[0 0 6 8] ±afi*»ffi|-ett, H4Jc^-r«t'5tC 

^£A F^OS^tcHBS^n/cyi^— 1 2 

tt, t£«m*J{i^F Sa-FS e*C«iiH:Sn**7-b 

[0 0 6 9] tCZ-hK &ytlkmiC<D&7U—>/^ls 
Jl\ 2^ttfc€>OTn±ffiIEffl^ftl/^T\ iM^W 

0, <e«fi[HO»fIEJi**:*<t?#So L^fe, 531^ 

[0 0 7 0] ft*5. F»©2Sft3Klc;/u— 
b^ffi^L, ^Jx.if0 1 10XT7/1 0 9T'C^ 

Xt7^i 0 4T^&fiJ^^H-9JjLfci:^i:. 

XT7^1 0 9T^ffiffi^ft^ttffiy-r^^^^T% 

>/^vb;b0^ft^^-r^*>xyNW±T'a)X»J ^y hf^ 
S T<DfflS-rnS^46ffly^LT^^. Xry^l 0 9 



(12) 
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T»#fhiiijS»c»jas;LT«aie«ffi<D*7-fey hmicmu 

[0 0 7 1] #tc, ±a*flliMTtt. 05K:*rr£5 
n, CCOXU-y hiST±0 5^|ffl^P 1-P5h 

LTStR^nTv^ 0 cntc^fbx. lai 4^-r<£-5 

y^V2^ftm\CNM (mi 4T&N&2 5) OttM^ 10 
PI 1, P12, P7 4^U CftZWtm&lC 

lt&^o ccD&^&mftmjjjZic&t). ms&m&tf 20 

[0 0 7 2] M£M&*ft5(DlC^ X'j7 

jc c c d m<n 2 ^K7t(ommm : r±ic * ^ts^tto/ ^ * - 

[0 0 7 3] £fc, XU *y h««rta»LTWJAtf 1 ^tc 30 
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